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Report No. 8926-085

Materials - Alloy Steel -~ Ultra~High Strength
H-11 Hot Work Die Steel - Vascojet 1000
(Vanadium Alloy Steel Co.)

Rivet Shear Strength and Corrosicn Resistance

Abstrace

Annealed Vascojet 1000 steel (Vanadium Alloy Steel Co., Iatrobe, Penna.)
rivets were cold headed from 1/8 and 1/b inch diameter rivet wire and then
heat treated. The heat treatment consisted of 1800°F for 3¢ minutes, air
cool, 1150°F for 1-1/2 hours, air ccol, 1150°F for 1-1/2 hours, air ccsl.
The ultimate tensile strength after heat treatment of the 1/8 and 1/4 inch
diameter wire was 200.7 and 191,4 ksi, respectively. Taadem protruding
Lead rivets spaced at b rivet diameters, held to 2 rivet diameter minimum
edpe distance, and driven to head diameters about 1.5 times shank diameters
were driven iutc 0.125 inch thick clad 7075-TS aluminum elloy sheetv lap
shear joints and tested. In these tests the 1/8 inch dlameter rivets
yielded (0.005 inch ofrset) at 1638 pounds and failed at 1765 pounds with
en ultimate strength of 136.2 ksi, and the 1{& inch diameter rivets yielded
(0.00625 inch offset) at 5767 pounds and failed at 6275 pounds with an
ultimste stiength of 121 nsi. Salt epray corrosion tests with riveted
Joints indicated that corrogion damage to clad 7075-Té sheet is accelerated
by the presance of unprodectod YVascolet 10 steel rivets.

] Reference: Stier, H. H., Bergstedt, P. W., Turner, H.C.,

' "Mechanical & Corrosion Properties of Vascojet
1000 Rivets," General Dynamics/Convair Report
MF 58-238, Sen Diegv, Califormis, 2 February
1959. (Reference attached.)
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QBJECT :
To determine (a) the strength and driving characteristics, and (b) the
corrosive effect of VASC 000* rivets in 7075-T6 aluminum alloy sheet.
CONCLUSION:

1. The shear strength of double-tempered VASCOJET 1000® wire increases
parsbolically with increasing hardness of the wire in the range from
42-5) Rockwell C (when tested at room temperature in a double-shear
fixture).

2. lapped joints in bare 7075-T6 sheet fastened by double-tempered
VASCOJET 1000 rivets of 42-A4 Rc hardness with protruding flat heads
have these strengths (when tested at rocom temperature):

1/8" dian. rivets 1/4" diam. rivets
{p_,125" thk, sheet in ,250" thk, sheet

Ultimate shear, psi 136,200 121,000
3. VASCOJET 1000 wire double-tempered to 42-44 Rc hardness has an ultimate

tensile atrength of 191,000 - 201,000 psi.

Lo The foroe required to squeaze a 337 £ 005 in. diameter head on a 250
in, diaseter VASCOJET 1000 rivet varies with the hardness.

Rivets of Rivets of
44 Re bardnesg &0_Re hardpess
o Rivet~drivine force, pounds 23,400 28,400
“:::2 5. Rivet heads squeezed to 337 £ ,005 in, diaxater on .250 in. diaceter
T VASCOJET 1000 rivets of 42-51 Rockwell C hardness show no rejectable
[ ‘. cl‘lekS.
AR
b 6. Corroston in clad 7075-T6 sheet 1s accelerated by tle bare YASCOJET 1000
SN rivets.
1EST_SPECIMENS:
Rivets vere cold-headed from VYASCOJET 1000 wire in the annesled condition

and then heat-treated as follovs:

a. Austenitize at 1850°F. in a neutral atuosphere for 30 zinutes, air
cool,

®  VASCOJET 1000 is Vanadfuz-Alleys Steel Company's designation for an
AISI-H1l steel.
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SPEC S (Continued)
b, Temper at 1150°F. in air for 1 1/2 hours, air cool.
c. Temper again at 1150°F, in air for 1 1/2 hours, air cool.

The 1/8 in. diameter rivets were squeezed with a Chicago Pneumatic compress -
ion riveter; the 1/4 in. diameter rivets were gunned with a G-8
pneunatic rivet gun, Rivet shanks protruded 1l.12 diamsters before driv-

ing in the sheet combinatiens of this test.

The shear speeimens were of the single lap-joint type with two tandem rivets
spaced aleng the longitudinal center-line of the joint as shown in the sketch
in Table I. Corrosion specimens had three driven rivets spaced at one inch
along the longitudinal center-line ef ,125% x 1 1/2% x 10" clad 7075-T6 sheet.

TEST PROCEDURE:

The riveted lap-joints were pulled in a 60,000 pound Tinius-Olsen tensile
machine at a maximuw loading rate of 1000 pounds/min. for 1/8 in. diameter
rivets and 4000 pounds/min. for 1/4 in. diameter rivets. An S-1 extenso-
meter wvas used to aeasure the yleld strength of the joint aa described in
Report MP 58-262, The yield load was taken at a permanent joint set of
+005 in, for 1/8 in. diameter rivets and .00625 in. for 1/4 in. dianeter
rivets,

Tensile apecimens of 15 in. lengths of wire vere inserted into 1/8 in. or
1/4 in. I,D. jaus and pulled at .00 in./in./min. te determine the tensile
ultimate of the wire. The I.D. of the javs vas smoeth to prevert notehing
of the vire. An abrasjve coating on the ends of tha wire vas needed to
overcoms 8lipping in the jave,

Shear tests of tempered vire wers perforzed in a double-shear fixture.
Before shearing the vire, the hardness was teken along the diameter of a
polished and etched crosa-section through the wire. Viekers hardnesses
were measured vith a dierond pyramid indenter in a Tukeon tester with a 10
K¢me load. The specicen vas broken out of its lucite aocunt before asasur-
ing the Rockvell C hardness of the cross-section.

The corrosion specirens were wiped wit.. alcohol and placed in a s33lt spray
cabinet for observation., The salt sprey vas operated in accordance wvith
Federal Test Mathod Standard 151, Nethod 811,

RESULTS & DISCUSSION:

The heat treatment Tor VASCOJET 1000 rivets for this test uas selected

on the basis of the double-shear tests of wire tempered to different hurd-
nesses, (Ses Figure 1). A shear strength of 139,000 psi. was achisved by
texpering to about 44 Rc hardness. Tvo different double-tempering treat-

aents which produced a 44 Re hardness are given below:

s. 1100°F., 2 1/2 hours, AC + 1100°F., 2 1/2 hcurs, AC.

Amam o o
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RESULTS & DISCUSSION:  (Centimued)
b. 1150°F., 1 1,2 hours, AC + 1150°F,, 1 1/2 hours, AC.

NOTE: An austenitizing treatment at 1850°F. in a neutral atmosphere for
30 minutes, folloved by air <ooling, put the material in a fully
hardened conditier before dovble-tempering.

The 139,000 psi uitimatc shear s*rength vas selected so that failure would
ecaur in tue rivets before the baaring strvength of the barc 7075-T6 sheet
vas exceeded

No sheet bezring failures occirred in tests of lapped joints in 7075-T6
ahe);et incorporating VASCOJET 1039 rivets of 42-44 R, hardness. (See Table
I.

The ultimate tenaile strength of VASCOJET 1000 wire of 42-44 R, hardness
is given in Table I1I.

The load required to syueezs the protruding hesds of the 1/4 in. diamster
YASCOJET 1000 rivets to ,337 : .005 in. diameter is given in Table III.
Driven heads shewed vary minute surface cracks (not rejectable according
to MPS~-46.05D).

The corrosion specimen incorporating VASCOJEI 1000 rivets in clad 7075-T6
sheet way severely attacked after 25G hours in the salt spray cabinet.

The cladding vas completely rexoed in areas up to one inch in diameter

nsar each rivet head. Rivet neads showed no curresion, Coatings uf diffused
or platad metals on the VASCOJET J0Q0 rivets may be a~plied for pretection
against corrosion.}

1. "Steele and Protective Treatments for Use up to 100:?F,," H. . ials
and W, H. Sharp, SAE Transactiona, Volume 64, 1956, py. 74=75.

NOTE: The data for this report have been recorded in the Materials and
Processes laboratory Notebook No. 3011,
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TABLE I, RESULTS OF SHEAR TBSTS OF RIVETED 2&?—JCINTS INCORPCRATING
D

PROTRUDING HEAD RIVETS OF TEMPERE VASCOJET 1000(®
STEEL IN 7075-T6 SHEST (bare).

Identif, Rivet Msas'd., Driven Sheet YIELD ULT. ULT. TYPE
Driving Hole Head Thk., LOAD, LOAD STRENGTH, °F
Method Diam.,in. Diam.,in. in. #/rivet #/rivet PSI. (c¢) FAILURE (d)

Vd=1 G-8 gun ,257-.,258 ,347-,362 ,250 6637 5950 114,800 l1&2

VJ-2 " «257 «356-,369 " 5650 6300 121,400 2

VJ=3 " ¢257-,258 .353-,359 " 6013 6575 126,800 l1&2

Avg. 5767 6275 121,000

VJ=-4 Squeeze ,1285 «180 «125 1595 1720 132,600 2
VJ=5 " " «176-,182 " 1605 1735 134,000 2
VJ=6 . " 177-,178 " 1715 1840 142,000 2

Avg. 1638 1765 136,200
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X-X ?i Driven Head
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() Rivots wwure te=pered tn n» Recivell harcness of %E":-éé Ry, “efore driving
(1550° F., 30 min., AC & 11500 F,, 1 172 hr., AC ¢ 1150° F., 1 1/2 ar., AC).

(b) Vanadium-Alloys Steel Company's designation for am AISI-H1l steel.
(c) Based on measured hcle diamater.
(d) Ses FAILURS BOTES bolows

1. Yfg. heads snapped off.
2. Rivets shearod in the shank along shoet interfaco.
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TABRLS II. RESULTS OF TENSILE TESTS OF TEMPERED(a) VASCOJST 1000 (b)
RIVET WIRE

Wire Diam,, Aroaé Length, ULT. LOAD, ULT. TENSILE STRENGTH,

inch in. inch pounds PSI,
«1268 +012425 15 2620 202,898
. " " 2470 198,872
b " " 2490 200,483
Avg. 2493 200, 751

+2505 +04926 15 9370 150,215
2508 .C4918 - 9570 194,591
e " " 9320 189,607
Avg. 9420 151,438

(a) Wire tempsred to a Rockwell hardness of 42 - 44 Ry (18500 P.,30 nin.,AC ¢
11500 F., 1 1/2 hre, AC + 11500 F., 1 1/2 hr., AC).

(») Vanadium-Allcy: $teel Company's dssignation for an AISI-ill steel.
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TABLE III. RESULTS OF RIVET-DRIVING T3SCS OF TEMPERED () VASCOJET 1000 (a)
RIVETS IN 7075-T6 SHEZT (bare)

Driven
Rivet Hole Head Sheet Rivet Rivet LOAD REQUIRED Remarks
Diam., Diam., Diam., Thk., Set Hardness, TO SQUEBZE RIVET,
in, in, in, in, Ry pounds
o2R0 257 3356 125 Flat 42-43 20,400 (v)
= " «3392 " " " 21,600 "
" " «3408 " " n 21,800 b
Avg. 21,300
«2350  .257 3349 125  Flat  43-44 23,600 (v}
" o «3409 " " » 21,600 .
" - «3415 . » " 25,000 "
Avg. 28,400
250 L2857 3327 «125 Flat 4445 22,300 (»)
" " +3356 . " " 22,800 "
" " +«3366 bl Tn " 23,200 .
Avg. 22,800
«250 257 3350 125 Flat 50-51 28,300 (v)
- - 3366 L " " 27,800 L
w " 3‘15 L] [ ] ] 29 150 "
®
Avg. 28,400

(v) Vansdiume=Alloys Steel Company's designation for sn AISI-H1l stesl.

Faf

(b) Driven heads showed very minute surface cracks sbout .0lO™ long and a {ew
ails deep.

.l

*,
o

{(c) Tenpered to the hardnesses indicated in colwan 6 before driving.
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